Abstract: Gene expression profiling data with long-term clinical follow-up information are great resources to screen, develop, evaluate and validate prognostic biomarkers in translational cancer research. However, an easy-to-use interactive online tool is needed to analyze these profiling and clinical data. In the current work, we developed OSacc (Online consensus Survival analysis of ACC), a web tool that provides rapid and user-friendly survival analysis based on seven independent transcriptomic profiles with long-term clinical follow-up information of 259 ACC patients gathered from The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) databases. OSacc allows researchers and clinicians to evaluate the prognostic value of genes of interest by Kaplan-Meier (KM) survival plot with hazard ratio (HR) and log-rank test in ACC. OSacc is freely available at http://bioinfo.henu.edu.cn/ ACC/ACCList.jsp.
Introduction
Adrenocortical carcinoma (ACC) is a type of rare and aggressive malignancy with a poor 5-year over survival rate which is below 40%. 1 Due to the limited treatment options for patients with locally advanced ACC and high risk of relapse even after major operative resection, identifying new prognostic biomarkers and therapeutic targets to improve the therapies for ACC patients is very important. [2] [3] [4] In recent decades, clinical bio-samples have been extensively analyzed by gene microarray or RNA-Seq technologies. 5, 6 Although numerous public transcriptomic datasets with clinical information are available, it is very difficult for researchers or clinicians without bioinformatics training to quickly assess the prognostic value of putative biomarkers. Because getting, processing, filtering, and building survival model of large gene expression datasets are time-consuming and need professional programming skills. In addition, the reported prognostic biomarkers such as GLUT1 7 and PTTG1 8 in ACC need to be independently validated in multi-cohorts of different populations before being translated into clinical use.
To build a user-friendly tool that contains ACC gene expression profiles with clinical follow-up data to perform online ACC prognosis analysis, we collected the transcriptomic profiles and clinical information of 259 ACC patients from seven independent cohorts derived from TCGA and GEO to establish OSacc. OSacc is a web-based portal providing survival analysis and risk assessment in ACC datasets using gene symbol as input. This tool offers biomedical researchers and clinicians lacking bioinformatics training to quickly identify putative prognostic biomarkers from gene expression data in ACC. This web tool is available through http://bioinfo.henu.edu.cn/ACC/ ACCList.jsp.
Materials And Methods

Data Collection
Messenger RNA (mRNA) expression profiling data with patients' survival information were collected from GEO and TCGA. To gather the data from GEO, the searching keywords "Adrenocortical carcinoma" or "ACC" and "survival" were used in GEO database. The obtained TCGA data are Level 3 RNAseq data with clinical information of ACC patients. The detailed information of above data from GEO and TCGA are described in Table 1 . Only dataset with ≥20 ACC samples was included in this study.
OSacc Web Tool
OSacc is developed as previously described with minor modifications. [9] [10] [11] [12] [13] In brief, OSacc contains two main components: storage and data analysis. A Java implementation was used to construct OSacc. OSacc used SQL Server database to provide the storage and management of the gene expression profiles and clinical follow-up data for ACC, and applied the Browser/Server architecture network management system to manage database. R package "survival" was used to perform Cox regression analysis to calculate the hazard ratio, 95% confidence intervals and pvalue. R packages "survminer" and "ggplot2" were applied to plot the Kaplan-Meier curves ( Figure S1 ). The web-based interface is shown in Figure 1 .
Searching Previous Known Prognostic Biomarkers In ACC
All known ACC prognostic biomarkers are searched in PubMed using the combined keywords "ACC" or "Adrenocortical carcinoma", "prognostic" and "biomarkers". Seven prognostic biomarkers were selected from 165 publications. The prognostic values of these previously reported prognostic biomarkers were determined in the combined datasets of ACC patients in OSacc. 
Statistical Analysis
Results
Clinical Characteristics Of ACC Datasets Used In OSacc
To obtain the microarray or RNAseq data of ACC with clinical survival information, we searched the GEO and TCGA database. Finally, a total of 259 ACC cases including 167 samples from 6 GEO datasets and 92 samples from TCGA datasets were collected. All of these samples are primary tumors. The median age of these patients is 48 years old and the ratio of male to female is 1:1.2. Two hundred and five patients have OS (overall survival), 34 patients have EFS (event-free survival), and 20 patients have PFS (progression-free survival). A summary of above ACC cohorts is shown in Table 1 .
Application Of OSacc Web Tool
To measure the correlation between the gene of interest and survival rate, Kaplan-Meier plot was applied in OSacc. To use OSacc, users first input the query gene symbol, choose either one dataset or combined datasets, then select the median or other appropriate cutoff value of gene expression to categorize the ACC patients ( Figure 2A ). Combined datasets mean that each cohort was divided separately into strata by selecting the appropriate cutoff value, which are then pooled for survival analysis. Next, users select the specific survival terms including OS, EFS, PFS, DFI (disease-free interval), and PFI (progression-free interval) ( Figure 2B ). Users may be also interested in limiting their analysis in a subgroup of patients by selecting the optional confounding clinical factors such as TNM, gender, and race ( Figure 2C-F) . Finally, users click the "Kaplan-Meier plot" button, and the prognostic (Kaplan-Meier, KM) plots with HR, 95% CI and p value will be shown on the output web page. P value of all genes calculated by Univariate Cox analysis in OSacc are shown in Table S1 .
Validation Of Previously Published ACC Prognostic Biomarkers
To evaluate the performance of OSacc, the prognostic values of 7 ACC prognostic biomarkers were collected from PubMed (shown in Table 2 ), these 7 reported prognostic biomarkers include 4 unfavorable and 3 favorable ones. To test the OSacc functions, OS was selected as survival term and analyzed in the combined datasets. The cutoff value of splitting the patients was set as upper 25% vs lower 75%. The calculated HR (hazard ratio) and p value of these prognostic biomarkers are shown in Table 2 .
The analysis results in OSacc showed that the prognostic performances of 5 genes (i.e. GLUT1, PTTG1, MCT2, RARRES2 and Mki67) are in accordance with previous reports, while prognostic values of two genes (i.e. MCT1 and IGFBP2) are not the same as previously reported.
Discovery Of Putative Prognostic Biomarkers In OSacc
In addition to validating the reported prognostic markers in independent clinical datasets, OSacc also can be employed to discover novel prognostic markers in ACC. According to the results of univariate Cox analysis in datasets of TCGA, GSE10927, GSE19750 and GSE33371, we selected the genes with p value consistently less than 0.05 in multiple datasets for following screening of potential prognostic biomarkers. CENPF (Centromere protein F), a key protein associated with the centromere-kinetochore complex, satisfies this criterion. CENPF plays a crucial role in chromosomal segregation during mitosis, and its overexpression has been previously reported in several types of solid tumors. Dai et al found that CENPF is highly expressed in HCC (Hepatocellular carcinoma) compared to control tissues, and its overexpression is significantly related with serum AFP, advanced differentiation stage and a shorter OS. 14 Abbreviations: N, number; OS, overall survival; HR, hazard ratio; CI, confidence intercal; DSS, disease specific survival; DFS, disease free survival; RFS, recurrence free survival; MFS, metastasis free survival; PFS, progression free survival. cells and inhibit cell proliferation, indicating that CENPF may be a vital regulator of PC metabolism. 16 Data-mining of gene expression profile from 4 GEO datasets (GSE10927, GSE12368, GSE90713 and GSE33371) using non-parametric statistical method showed that CENPF expression is significantly up-regulated in ACC tissues compared with normal control tissues ( Figure S2A-D) , suggesting that CENPF may be linked to pathological process in ACC. Using OSacc, we firstly found that patients with high expressing CENPF had worse OS, while the low expression of CENPF group had better OS in TCGA (HR: 10.498, 95% CI: 4.509-24.440, p<0.0001), GSE10927 (HR: 6.990, 95% CI: 2.031-24.060, p=0.0020), GSE19750 (HR: 3.738, 95% CI: 1.047-14.349, p=0.042), and GSE33371 datasets (HR: 5.075, 95% CI: 1.568-16.420, p=0.007) (Figure 3A-D) . Not surprisingly, in the combined datasets of TCGA, GSE10927, GSE19750 and GSE33371, high CENPF-expressing group also showed poor OS (HR: 5.636, 95% CI: 3.414-9.303, p<0.0001) ( Figure 3E ), suggesting that CENPF is a novel unfavorable prognostic biomarker for OS in ACC. The KM plot cannot be shown in the other three datasets, because GSE49280 does not have the probe for CENPF, GSE76019 and GSE76021 do not have OS items.
Discussion
In this study, we developed a prognosis analysis web tool OSacc that comprises published transcriptomic datasets with clinical information for ACC, and provides survival analysis of ACC patients based on gene expression. The performance of OSacc has been evaluated by seven reported prognostic biomarkers, and the test results showed that 71% (5 of 7) of these reported prognostic biomarkers were confirmed to be prognostic significant in OSacc. The reasons for the insignificance of the 2 genes in OSacc may be due to the use of different detection level/method (ELISA in literature) and data from different ethnic groups.
Because of the importance of prognostic biomarker development in cancers, a couple of prognostic web tools have been developed, such as Proggene, 17 
Conclusion
OSacc is a free, publicly accessible web tool allowing biomedical researchers and clinicians lacking bioinformatics training to easily analyze the prognostic potency of the genes of interest in ACC.
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